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Description 

This invention relates to a method for forming a P- 
type germanium layer on a gallium arsenide body to pro- 
duce, in an important example, the structure of a heter- 5 
ostructure bipolar transistor (hereinafter referred to as 
"HBT"). The method may use a molecular beam epitax- 
ial growth. 

The HBT uses an emitter region composed of a 
semiconductor material which has a broader energy io 
band-gap than the semiconductor material constituting 
a base region. One example is described as an NPN 
bipolar transistor in 'Journal of Applied Physics', Vol. 
59, No. 2, January 1986, pp. 495 to 498. Epitaxial layers 
of P-type germanium 21 and N-type germanium 22 are is 
grown on an N-type gallium arsenide substrate 20 (Fig. 
1 (a)) and the N- and P-type germanium epitaxial layers 
21 and 22 are partially mesa-etched (Fig. 1(b)). Then, 
a mask 70 for defining an emitter region is formed and 
boron ions are implanted (Fig. 1(c)). Finally, a collector 20 
electrode 23, a base electrode 24 and an emitter elec- 
trode 25 are selectively formed by lift-off method of 
evaporated metal. An HBT can thus be fabricated (Fig. 
1(d)). 

The region of gallium arsenide substrate 20 into 25 
which boron is implanted becomes a region of gallium 
arsenide 26 having high resistance. Therefore, it be- 
comes possible to inject electrons into P-type germani- 
um layer 21 and to extract them from the N-type germa- 
nium layer 22, so as to make the transistor operate as 30 
an NPN bipolar transistor using gallium arsenide sub- 
strate 20 as the emitter, germanium layer 21 as the base 
and germanium layer 22 as the collector. Here, the N- 
type germanium layer 22 and the P-type germanium lay- 
er 21 can be formed by molecular beam epitaxial growth 35 
method. 

However, arsenic in the gallium arsenide substrate 

20 diffuses into the P-type germanium layer 21 in the 
heterojunction of gallium arsenide and germanium. 
Thus, the P-type germanium layer 21 is doped to an N- 40 
type with an impurity concentration of as high as at least 
10 18 cnrr 3 . In order to dope the germanium epitaxial film 

21 directly grown on the gallium arsenide substrate 20 
to the P-type, it is, therefore, necessary to highly dope 

an acceptor above 10 18 cm' 3 so as to compensate the 45 
impurity doped from the substrate 20. Accordingly, it is 
difficult to grow a germanium layer directly on a gallium 
arsenide substrate to have a P-type of such a high im- 
purity concentration. A base layer in a bipolar transistor 
is very thin. Therefore, the formation of such as a base so 
layer with high controllability is very difficult technically 
Moreover, since electron and positive hole mobilities de- 
crease in the semiconductor epitaxial film whose impu- 
rity is thus compensated, base resistance of the base 
layer as well as the electron travelling time in the base 55 
layer increase and, thus, they exert adverse influences 
on the electrical characteristics of the transistor. 

This problem occurs not only in HBT, in particular, 



but also in other applications using the germanium epi- 
taxial film directly grown on gallium arsenide body such 
as in a P-channel field effect transistor using the germa- 
nium epitaxial film on gallium arsenide substrate. 

As above-mentioned, HBT utilizing the heterojunc- 
tion between gallium arsenide body and germanium lay- 
er eprtaxially grown on the gallium arsenide body in- 
volves the problem that arsenic in the gallium arsenide 
body diffuses into the grown germanium layer at the in- 
terface therebetween so that the germanium layer is 
doped with the N-type impurities. To accomplish NPN 
type HBT, the germanium layer which is directly grown 
on gallium arsenide body as a base layer must be a P- 
type epitaxial film having an extremely small film thick- 
ness. Under such condition where diffusion of arsenic 
occurs as described above, a P-type dopant having a 
higher concentration must be added to the extremely 
thin germanium layer. This is not only difficult technically 
but also invites the drop of mobility of the positive hole 
or electron in such base layer whose impurity is com- 
pensated for, so that the electrical characteristics of the 
transistor get deteriorated. 

The problems described above occur not only in 
HBT but also in other applications using the germanium 
epitaxial film on gallium arsenide in general. 

It is an object of the present invention to provide an 
improved method for forming a P-type germanium layer 
on a gallium arsenide body. 

Accordingly the present invention provides a meth- 
od for forming a P-type germanium layer on a gallium 
arsenide body comprising the steps of holding said gal- 
lium arsenide body in a high vacuum from 1.33 x 10* 7 
Pa to 1 .33 x 1 0- 11 Pa (1 0 - 9 Torr to 1 0* 13 Torr), and at a 
first temperature from 400°C to 1000°C, thereby caus- 
ing adsorbed arsenic atoms on a surface of said gallium 
arsenide body to evaporate from said surface, lowering 
said first temperature to a second temperature from 
300°C to 400°C and growing by molecular beam epitax- 
ial growth a germanium layer containing no p-type im- 
purity on said gallium arsenide body at said second tem- 
perature, whereby gallium from said gallium arsenide 
body diffuses into said germanium layer and a doped, 
P-type germanium layer is thereby formed in said ger- 
manium layer at its interface with said gallium arsenide 
body. In a preferred embodiment, the first temperature 
is from 500° C to 700° C. 

In one form, the method according to the present 
invention is capable of providing an NPN heterostruc- 
ture bipolar transistor formed of an emitter region of an 
N-type gallium arsenide body, a base region of a ger- 
manium layer formed on the emitter region body and dif- 
fused with gallium from the gallium arsenide body and - 
a collector region formed in contact with the base region. 

After an epitaxial film of gallium arsenide is grown 
on a gallium arsenide body by a molecular beam epitax- 
ial growth method while the body temperature is kept at 
400°C to 1,000°C, preferably at 500°C to 700°C, gal- 
lium arsenide contains arsenic adsorbed onto its sur- 
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face besides gallium as the constituent element of gal- 
lium arsenide bonded by the original covalent bond. Ac- 
cording to the experiments conducted by the inventors 
of the present invention, if germanium is grown under 
this state at a body temperature of 300 to 400°C, the 
adsorbed arsenic is doped into the grown germanium 
layer to form an N-type germanium film. On the other 
hand, if prior to the growth of germanium the body tem- 
perature is raised to a temperature at which arsenic is 
eliminated, such as 600°C, and is kept under ultra-high 
vacuum, then the arsenic adsorbed on the surface evap- 
orates first and the arsenic thereunder in covalent bond 
with gallium appears on the surface. If the substrate is 
further kept at the high temperature, the arsenic of the 
covalent bond on the surface evaporates and gallium 
appears on the surface. These changes of state can be 
observed by high energy electron beam diffraction. Ac- 
cording to the experiments of the present inventors, it 
has been found that after arsenic adsorbed onto the sur- 
face evaporates, if a germanium layer is grown consec- 
utively by molecular beam epitaxy atthe body temper- 
ature of 300 to 400°C whether arsenic or gallium of the 
covalent bond may appear on the surface, the grown 
germanium layer becomes a P-type having a concen- 
tration of 10 17 crrr 3 to 10 16 cm" 3 . This is because gallium 
in gallium arsenide diffuses into the grown germanium 
layer. This P-type germanium layer does not involve the 
compensation of any impurity, and mobility of electrons 
and positive holes is kept high. 

Based on the face described above, if high purity 
germanium or germanium having a donor concentration 
of of about 10 17 cm -3 or below is grown under the con- 
dition where diffusion of gallium into the grown germa- 
nium layer takes place and the grown germanium layer 
to which no impurity is added becomes the P-type, a 
part of the grown germanium layer near its interface with 
the gallium arsenide body is doped to the P-type by the 
diffusion of gallium to form automatically a ultra-thin 
base layer. 

The molecular beam epitaxial. growth method de- 
scribed above can be applied not only to HBT but also 
to other applications requiring the P-type germanium 
epitaxial film, for which no impurity is compensated, on 
gallium arsenide. 

The above and further objects, features and advan- 
tages of the present invention will become more appar- 
ent from the following detailed description of embodi- 
ments of the present invention with reference to the ac- 
companying drawings, wherein: 

Figs. 1(a) to 1 (d) are sectional views useful for ex- 
plaining a conventional manufacturing method of 
HBT; 

Fig. 2 is a schematic sectional view of a first HBT 
produced by a method according to the present in- 
vention; 



Fig. 3 is a diagram showing a distribution of impurity 
concentrations in the MET of Figure 2; 

Figs. 4(a) to 4(f) show a method according to a first 
5 embodiment of the present invention; 

Fig. 5 is a schematic sectional view of a second HBT 
produced by a method according to the present in- 
vention; 

10 

Fig. 6 is a diagram showing a distribution of impurity 
concentrations in the MET of Figure 5; and 

Figs. 7(a) to 7(f) show a method according to a sec- 
ts ond embodiment of the present invention. 

Fig. 2 is a schematic sectional view showing the 
product of a first embodiment of the present invention. 
Formed on a semi-insulating gallium arsenide substrate 

20 1 are an N-type epitaxial gallium arsenide film 2 doped 
with silicon at a high concentration of 5 x 10 18 cnrr 3 an 
N-type gallium arsenide epitaxial film 3 doped with sili- 
con at a concentration of 1 x 10 17 cnrr 3 , an N-type ger- 
manium epitaxial film 4 doped with antimony at a con- 

2S centration of 5 x 10 16 cm' 3 , and a high concentration N- 
type germanium epitaxial film 5 doped with, eg, arsenic 
at a concentration of 1 x 10 20 cm* 3 . During the growth 
of the t N-type germanium film 4 on the N-type gallium 
arsenide film 3, gallium diffuses from the gallium arse- 

30 nide film 3 into the germanium film 4 at the interface ther- 
ebetween to change the N-type germanium film 4 into 
a high concentration P-type germanium layer 6 having 
an impurity concentration of from about 10 18 to about 
1 0 19 cm -3 . Regions of the high concentration P-type ger- 

35 manium 7 is formed by the ion implantation of boron and 
regions of high resistance gallium arsenide 8 formed by 
the ion implantation of boron below the germanium re- 
gion 7 are located on both sides of the N-type germani- 
um film 4. Furthermore, a collector electrode 9, a base 

40 electrode 10 and an emitter electrode 11 are disposed 
on the high concentration N-type germanium film 5, the 
high concentration P-type germanium regions 7 and the 
high concentration N-type gallium arsenide film 2, re- 
spectively. The N-type gallium arsenide film 3, the high 

45 concentration P-type germanium region 6 and the N- 
type germanium film 4 function as the emitter layer, the 
base layer and the collector layer, respectively. 

Fig. 3 shows a diagram of impurity distribution of 
impurity concentration having the ordinate showing the 

so impurity concentration by logarithm. As shown in the di- 
agram, since gallium diffuses from the gallium arsenide 
film 3 into the germanium region 6, the gallium concen- 
tration drops progressively with an increasing distance 
from the interface between the gallium arsenide film 3 

55 and the germanium region 6. This means that an internal 
field occurs in the base, that is, in the germanium region 
6, due to the spatial change of the impurity distribution 
so that the electrons injected from the emitter into the 
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base may be accelerated by this internal field. This con- 
tributes to the high speed operation of the heterostruc- 
, ture. Since the diffusion phenomenon occuring at the 
interface between the gallium arsenide film 3 and the 
germanium film 4 is utilized for the formation of the base 
layer of the P-type germanium region 6, a high concen- 
tration and ultra-thin base layer having an impurity con- 
centration of 10 18 to 10 19 cm* 3 and a film thickness of 
up to 100 nm can be formed automatically. 

Figs. 4(a) to 4(f) are sectional views useful for ex- 
plaining the formation of the HBT shown in Figs. 2 and 
3. First, as shown in Fig. 4(a), a high concentration N- 
type gallium arsenide film 2 doped with silicon as the 
impurity and an N-type gallium arsenide film 3 are con- 
secutively grown on a semi-insulating gallium arsenide 
substrate 1 having a (100) orientation by molecular 
beam epitaxy at a substrate temperature of 650°C. Sub- 
sequently, the substrate 1 is cooled down to a room tem- 
perature while an arsenic beam is radiated lest elimina- 
tion of arsenic occurs. Under this state, the arsenic at- 
oms 15 that are adsorbed exist on the surface. The ex- 
istence of the adsorbed arsenic atoms 15 can be ob- 
served by a reflection type high energy electron beam 
diffraction apparatus incorporated in a molecular beam 
epitaxy apparatus and the surface exhibits a (2 x 2) su- 
per-structure. Thereafter, the substrate 1 is transferred 
under ultra-high vacuum from the growth chamber 
where gallium arsenide is grown to a different growth 
chamber and the arsenic pressure as the background 
can thus be kept below 1 .33 x 10~ 7 Pa (10' 9 Torr). Sub- 
sequently, the substrate temperature is raised to 500°C 
under this state and arsenic adsorbed on the surface is 
evaporated away (Fig. 4(b)). The state change of this 
surface can be observed by the reflection type high en- 
ergy electron diffraction apparatus described above and 
the surface changes from the (2 x 2) super-structure to 
the (2 x 4) super-structure. 

The substrate temperature is then lowered to 350°C 
and epitaxial films of N-type germanium 4 and high con- 
centration N-type germanium 5 are grown using antimo- 
ny, as the impurity by molecular beam epitaxy (Fig. 4 
(c)). At this time, gallium diffuses from gallium arsenide 
film 3 into the germanium film 4 at the interface between 
the gallium arsenide film 3 and the germanium film 4 to 
form a high concentration P-type germanium region 6 
in the germanium film 4. 

To fabricate a bipolar transistor by use of the heter- 
ojunction epitaxial films of gallium arsenide and germa- 
nium described above, a resist 17 is deposited subse- 
quently onto a region where an emitter layer is to be 
formed, by lithography, part of the high concentration N- 
type germanium layer 5 is etched and thereafter boron 
ion (B + ) is implanted (Fig. 4(d)). 

Subsequently, the resist 1 T is put onto a region 
where a base layer is to be formed, followed by etching 
the germanium film 4, the germanium region 6 and the 
gallium arsenide film 3 until the surface of high concen- 
tration N-type gallium arsenide film 2 is exposed (Fig. 4 



(e)). Thereafter, an emitter electrode 11, a base elec- 
trode 10 and a collector 9 are formed by lift-off method 
of gold-germanium-nickel, gold-indium and gold-anti- 
mony (Fig. 4(f)). There is, thus, fabricated a heterostruc- 
5 ture bipolar transistor using gallium arsenide as the 
emitter and germanium as the base. 

Fig. 5 is a schematic sectional view showing the 
product of a second embodiment of the present inven- 
tion. A high purity germanium epitaxial film 12 containing 
10 no impurity is formed on an N-type gallium arsenide epi- 
taxial film 3. An N-type germanium epitaxial film 4 doped 
with antimony at an impurity concentration of 5 x 10 16 
cnrr 3 is formed further on the germanium epitaxial film 
1 2. The rest of the structure are the same as in Figs. 2 
15 to 4. During the deposition of the germanium film 12, 
gallium diffuses from the gallium arsenide film 3 into the 
germanium film 12 at their, interface so as to make a 
high concentration P-type germanium region 6 having 
an impurity concentration of about 10 18 to about 10 19 
^0 cm' 3 in the germanium film 12. 

Fig. 6 shows a diagram of impurity distribution of 
the HBT shown in Fig. 5 having the ordinate represent- 
ing the impurity concentration by logarithm. In the same 
way as in the first HBT shown in Fig. 2, the internal field 
25 occurs in the base, that is, the P-type germanium region 
6, due to the distribution of gallium diffused from the gal- 
lium arsenide layer 3 into the germanium layer 12, so 
that the transistor may operate at a high speed. It is pos- 
sible to form automatically a high concentration and ul- 
30 tra-thin P-type base layer having an impurity concentra- 
tion of 10 1B to 10 19 cnrr 3 and a film thickness of up to 
100 nm by utilizing this diffusion phenomenon. In this 
second HBT, carrier mobility is high because no impurity 
is added to the base layer (6). 
35 Figs. 7(a) to 7(f) are sectional views useful for ex- 
plaining the formation of the MET shown in Fig. 5 by 
using molecular beam epitaxy of germanium. A high 
concentration N-type gallium arsenide layer 2 using sil- 
icon as impurity and an N-type gallium arsenide layer 3 
40 are grown, as shown in Fig. 7(a), on a semi-insulating 
gallium arsenide substrate 1 having a (100) orientation 
at a substrate temperature of 650°C by molecular beam 
epitaxy. Subsequently, the substrate is cooled down to 
a room temperature while the arsenic beam is radiated 
4 5 lest elimination of arsenic occurs. 

Under this state, the adsorbed arsenic atoms 1 5 ex- 
ist on the surface of the N-type gallium arsenide layer 
3. This can be observed by the reflection type high en- 
ergy electron diffraction incorporated in the molecular 
50 beam epitaxy apparatus, and the surface exhibits the 
super-structure of (2 x 2). Thereafter, the substrate is 
transferred from the chamber where gallium arsenide is . 
grown to a different chamber under a ultra-high vacuum 
and the arsenic pressure of the background can be kept 
55 below 1.33 x 10- 7 Pa (10~ 9 Torr). Under this state the 
substrate temperature is raised to 500°C at which ger- 
manium is grown (Fig. 7(b)). At this time, arsenic that 
has adsorbed to the gallium arsenide layer 3 evaporates 
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away. The state change of the surface can be observed 
by the reflection type high energy electron diffraction ap- • 
paratus described above and the surface changes from*' 
the (2 x 2) super-structure to the (2 x 4) super-structure. 
Subsequently, a high purity germanium layer 12, the N- 5 
type germanium layer 4 using antimony as the dopant 
and the high concentration N-type germanium layer 5 
using arsenic as the dopant are continuously grown by 
molecular beam epitaxy at a substrate temperature of 
500°C (Fig. 7(c)). At this time, gallium diffuses from the ' 10 
gallium arsenide layer 3 to the high purity germanium 
layer 1 2 so that a portion of the germanium layer 1 2 near 
the interface with the gallium arsenide layer 3 changes, 
to the high concentration P-type region 6. 

To fabricate a bipolar transistor by use of the heter- 15 
ojunction of gallium arsenide and germanium described 
above, a resist 17 is deposited to a region where an 
emitter layer is to be formed, by lithography, part each 
of the high concentration N-type germanium layer 5 and 
the N-type germanium layer 4 is etched followed by im- 20 
planting boron ions (B + ) (Fig. 7(d)). • 

Next, the resist 17' is formed to the region where a 
base layer is to be formed and the germanium layer 1 2, 
the P-type germanium region 6 and the gallium arsenide 
layer 3 are consecutively etched until a surface of the 2s 
high concentration N-type gallium arsenide 2 is exposed 
(Fig. 7(e)). Thereafter, an emitter electrode 11, a base 
electrode 10 and a collector electrode 9 are formed by 
a lift-off method of gold-germanium-nickel, gold-indium 
and gold-antimony, respectively (Fig. 7(f)). There is, 30 
thus, obtained a heterostructure bipolar transistor using 
gallium arsenide for the emitter and germanium for the 
base. 

According to the present invention, a P-type germa- 
nium layer can be formed on a gallium arsenide body 35 
by using diffusion of gallium from the gallium arsenide 
body into the germanium layer while the arsenic is pre- 
vented from being diffused. The diffusion of the arsenic 
has been a problem in the germanium deposition on the 
gallium arsenide body by molecular beam epitaxy. This 40 
problem can be overcome by the present invention. Par- 
ticularly according to the present invention, the temper- 
ature is raised to evaporate the arsenic atoms adsorbed 
on the surface of the gallium arsenide body, after the 
grown of gallium arsenide body and the substrate tern- 45 
perature is lowered to start the growth of germanium lay- 
er. Therefore, low temperature growth becomes possi- 
ble. It is, thus, possible to shorten the diffusion distance 
of gallium in the germanium layer to accomplish a ultra- 
thin P-type germanium layer. so 

According to another aspect of the invention, since 
the temperature is temporarily set to a substrate tem- 
perature at which germanium grows after the growth of 
gallium arsenide, there can be obtained the advantage 
that the fabrication is easy. During this elevation process 55 
of the substrate temperature, the arsenic atoms ad- 
sorbed onto the surface of gallium arsenide are evapo- 
rated away and there can be established the state where 



gallium diffuses preferentially into the growing germani- 
um. 

In HBT of gallium arsenide and germanium, the 
present invention forms automatically the base layer by 
the diffusion of gallium into the germanium from the gal- 
lium arsenide body that occurs at the interface between 
the gallium arsenide body and the depositing germani- 
um layer. Accordingly, it is possible not only to accom- 
plish a ultra-thin high concentration P-type base layer 
necessary for the ultra-high speed operation of HBT but 
also to accomplish a drift base structure because the 
gallium concentration in the germanium layer becomes 
progressively smaller from the emitter side to the collec- 
tor side. Accordingly, the ultra-high speed operation of 
HBT becomes possible. 

Though applications to HBT have been disclosed, 
the present invention is not limited thereto but can be 
applied to other applications using the P-type germani- 
um epitaxial film on a gallium arsenide body such as a 
P-channel field effect transistor formed by use of the P- 
type germanium epitaxial film. 



Claims 

T. A method for forming a P-type germanium layer (6) 
on a gallium arsenide body (1-3) comprising the 
steps of holding said gallium arsenide body (1-3) in 
a high vacuum from 1.33 x 10~ 7 Pa to 1.33 x 10* 11 
Pa (1 0" 9 Torr to 1 0' 13 Torr), and at a first temperature 
from 400°C to lOOCTC, thereby causing adsorbed 
arsenic atoms on a surface of said gallium arsenide 
body (1-3) to evaporate from said surface, lowering 
said first temperature to a second temperature from 
300°C to 400°C and growing by molecular beam 
epitaxial growth a germanium layer (4,12) contain- 
ing no p-type impurity on said gallium arsenide body 
(1-3) at said second temperature, whereby gallium 
from said gallium arsenide body (1-3) diffuses into 
said germanium layer (4,12) and a doped, P-type 
germanium layer (6) is thereby formed in said ger- 
manium layer (4,1 2) at its interface with said gallium 
arsenide body (1 -3). 

2. A method according to Claim 1 wherein the first 
temperature is from 500°C to 700°C. 



Patentanspruche 

1. Verfahren zum Bilden einer Germaniumschicht (6) 
vom P-Typ auf einem Galliumarsenidkorper (1-3), 
das die Schritte aufweist, den Galliumarsenidkor- 
per (1-3) in einem hohem Vakuum von 1,33 x 10- 7 
Pa bis 1 ,33 x 10* 11 Pa (10* 9 Torr bis 10" 13 Torr) und 
auf einer ersten Temperatur von 400°C bis 1000°C 
zu halten, wodurch bewirkt wird, daf3 adsorbierte 
Arsenatome auf einer Oberflache des Galliumar- 
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senidkorpers (1 -3) von der Oberf lache verdampfen, 
die erste Temperatur auf eine zweite Temperatur 
von 300°C bis 400°C abzusenken und durch Auf- 
wachsen mit Molekularstrahlepitaxie eine Germa- 
niumschicht (4, 1 2), die keine Dotierung vom P-Typ s 
aufweist, auf dem Galliumarsenidkorper (1-3) bei 
der zweiten Temperatur aufwachsen zu lassen, wo- 
durch Gallium von dem Galliumarsenidkorper (1-3) 
in die Germaniumschicht (4, 12) diffundiert und da- 
durch eine dotierte Germaniumschicht (6) vom P- 10 
Typ in der Germaniumschicht (4, 12) an deren 
Grenzflache mit dem Galliumarsenidkorper (1-3) 
gebildet wird. 

2. Verfahren nach Anspruch 1 , bei dem die erste Tern- is 
peratur von 500°C bis 700°C betragt. 

Revendications 

20 

1 . Proc6d6 de formation d'une couche de germanium 
du type P (6) sur un corps d'arseniure de gallium (1 
a 3), comportant les etapes consistant a maintenir 
ledit corps d'arseniure de gallium (1 a 3) sous un 
vide6lev6de1,33X 10- 7 Paa1,33x 10* 11 Pa(10" 9 25 
Torr a 10" 13 Torr), et a une premiere temperature 
allant de 400°C a 1 000 e C, en entrainant ainsi des 
atomes d'arsenic adsorbes sur une surface dudit 
corps d'arseniure de gallium (1 a 3) a s'6vaporer de 
ladite surface, abaisser ladrte premiere temp6ratu- 30 
re a une seconde temp6rature allant de 300°C a 
400° C et faire croTtre par croissance epitaxiale par 
faisceau mol6culaire une couche de germanium (4, 

12) ne comportant aucune impurete" du type P sur 
ledit corps d'arseYiiure de gallium (1 a 3) a ladite 35 
seconde temperature, de sorte que du gallium pro- 
venant dudit corps d'arseniure de gallium (1 a 3) dif- 
fuse a I'interieur de ladite couche de germanium (4, 
12) et qu'une couche (6) de germanium du type P, 
dop6e, est ainsi form6e dans ladite couche de ger- *o 
manium (4, 1 2) au niveau de son interface avec ledit 
corps d'arseniure de gallium (1 a 3). 

2. ProcSde selon la revendication 1, dans lequel la 
premiere temperature est de 500°C a 700°C. 4$ 
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